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ABSTRACT 

Within the framework of the MSSM, we compute the complete set of elec- 
troweak one-loop supersymmetric quantum effects on the width Tz of the 
Z-boson in the on-shell renormalization scheme. Numerical analyses of the 
corrections to the various partial widths into leptons and quarks are presented. 
On general grounds, the average size of the electroweak SUSY corrections to 
Tz may well saturate the level of the present theoretical uncertainties, even 
if considering the full supersymmetric spectrum lying in the neighbourhood 
of the unaccessible LEP 200 range. Remarkably enough, for the present val- 
ues of the top quark mass, the electroweak SUSY effects could be, globally, 
very close or even bigger than the electroweak SM corrections, but opposite 
in sign. Therefore, in the absence of theoretical errors, there are large regions 
of parameter space where one could find that, effectively, the electroweak SM 
corrections are "missing", or even having the "wrong" sign. This should be 
helpful in discriminating between the SM and the MSSM. However, an accu- 
rate prediction of the electroweak quantum effects on Tz will only be possible, 
if Ar and are pinned down in the future with enough precision. 
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An outstanding laboratory to test possible manifestations of Supersymmetry (SUSY) 
and particularly of the Minimal Supersymmetric Standard Model (MSSM) is LEP, 
either at Z-pole energies or in the near future also from on-shell W^-physics. If no direct 
production of supersymmetric particles ( "sparticles" ) is achieved neither at LEP 100 nor 
at LEP 200, still some indirect manifestations could be discovered from quantum effects 
0. In fact, radiative corrections to conventional physical processes are a powerful tool 
to search for mass scales within and beyond the Standard Model (SM), and they offer us 
the opportunity to peep at sectors of the theory that are not (yet) directly observable. In 
this respect it is useful to remember that at LEP 200 the W-mass will be measured with 
a remarkable precision of 6Mw = ±28 (stat.) ± 24 (syst.) MeV [||. Recent analyses |^ 
have shown that a measurement of the IV-mass with that precision, or even a factor of 
two worse, would enable us to hint at virtual SUSY effects even if the full supersymmetric 
spectrum lies in the vicinity of the unaccessible LEP 200 range 100 Gel^). 

Similarly, on-shell Z-physics is also sensitive to quantum effects from sparticles. The 
mass and width of the Z-boson are experimentally known with particularly good accu- 
racy 

MI'P = 91.1895 ±0.0044^61/ (1) 

and 

r^^P = 2.4969 ± 0.0038 GeV . (2) 

One expects that the Z- width will eventually be measured within only |5r^^| < 2 MeV 
In the on-shell scheme |§] the Z-mass enters as an experimental input, while the Z-width 
can be predicted with great accuracy. A detailed calculation of the electroweak one- 



loop effects on Tz in the SM is given in refs.]^, |T0|- The final updated numerical result, 
including QCD corrections, reads |[TT[] 



= 2.4922 ±0.0075 ±0.0033 Gel^, (3) 

where the label SM stresses that this theoretical result drops from the strict Standard 
Model with minimal (single) Higgs sector. The first error corresponds to the variation 



with the top quark and Higgs mass within the allowed range of 6Mw and Ar [0, and the 
second error is the hadronic uncertainty from ag = 0.123 ±0.006 measured from hadronic 
event topologies at the Z-peak. Inclusion of the recently claimed CDF value for the top 
quark mass ( rrit = 17 A ± 10 1}^ GeV 0) leads to ITT] 



r|^^^ \cDF = 2.4933 ± 0.0064 ± 0.0033 GeV . (4) 

In spite of how respectably well the SM prediction (|^)-(|^) matches the experimental 
result (!]), the inherent theoretical and experimental uncertainties still leave room enough 
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to allocate hypothetical new contributions beyond the SM, such as those from the MSSM. 
Indeed, in the MSSM we expect a different theoretical prediction for the Z width, Y^^^^^\ 
which may be conveniently split up into two pieces 

YMSSM ^ _|_ ^-pMSSM 

where rf "^^^ involves the contribution from a so-called "Reference SM" (RSM) [|l^] : namely, 
the Standard Model with the single Higgs mass set equal to the mass of the lightest CP- 
even Higgs scalar of the MSSM, whereas ^Y^^^^^ constitutes the total quantum depar- 
ture of the MSSM prediction with respect to that Reference Standard Model. Besides, 
^pM55M j|;gg[f gpiits up naturally into two parts, viz. the extra two-doublet Higgs contri- 
bution 5r^, in which the single Higgs part included in rf"^^ has been subtracted out in 
order to avoid double-counting, and the SUSY contribution bV^^^^ from the plethora of 
"genuine" (i?-odd) supersymmetric particles: 

Difficult enough, the new effects have to be disentangled from the yield of conventional 
sectors of the theory which are not yet experimentally determined with enough precision, 
most conspicuously the top quark mass 0. Furthermore, as it has been pointed out in 
other contexts 0], the quantum corrections in the MSSM, quite independently from the 
values of the various parameters, may mimic those in the SM. Therefore, to effectively 
discriminate the theoretical predictions of the MSSM from those of the SM is a rather 
delicate matter that requires to compare the simultaneous predictions on several observ- 
ables, as for example YiZ //) and My^. However, whereas the full treatment of the 
SUSY corrections to the 14^-mass in the on-shell scheme has already been accomplished 
in detail by several groups 0, ||, 0, the corresponding corrections to Vz have been par- 



tially computed [0, |T5l on only some specific decay channels and/or explicitly ignoring 
the effects from parts of the SUSY spectrum and/or considering only leading effects (e.g. 
large Yukawa couplings). Particularly interesting by itself is the study of the additional 



contributions to V z from two-Higgs-doublet-model extensions of the SM [O]. Although 
there is some work in the literature for the general unconstrained case and for the su- 
persymmetric case fl^, a systematic analysis of the latter incorporating a detailed 



treatment of the mass relations in the MSSM Higgs sector is lacking. Therefore, in this 
note we would like to settle down these matters on the basis of an exact one-loop calcu- 
lation of the electroweak part of ^Y^z^^^^ by keeping all effects from gauge and Yukawa 
couplings and for arbitrary values of the parameters. The calculation of this quantity is 



^Potentially significant virtual hints from SUSY have been recently recognized on the physics of top 
quark decay |1J] . 
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indeed a rather complex task. We believe, also an important task. We have faced it in 
full, with the double purpose of completing previous calculations and at the same time 
to assess the real possibilities of SUSY to give a hint of existence from the high preci- 
sion world of Z physics. To our knowledge, no systematic analysis of the impact of the 
electroweak genuine SUSY sector of the MSSM on F^, split up into the various partial 
widths, has been clearly put in a nutshell anywhere in the literature. Our intention is to 
numerically demonstrate that, despite of the fact that all SUSY effects must decouple for 
large enough sparticle masses, we may still expect potentially measurable supersymmetric 
electroweak contributions (i.e. contributions that could be near the present theoretical 
errors and well above the planned experimental accuracy |5r^^| < 2MeV^) even for an 
average SUSY spectrum that surpasses the LEP 200 discovery range. These corrections 
have to be added to possible SUSY-QCD corrections [|l9l mediated by gluinos, which are 
generally smaller and of the same sign. On the whole, this should help to untangle the 
differences between the SM and the MSSM, especially when combined with the predic- 
tions on other observables like and the asymmetries at the Z-pole. We divide our 
presentation into two parts: i) In the present part (Part I) a full account of the "genuine" 
(-R-odd) SUSY contributions; namely, from sfermions (squarks and sleptons) and "inos" 
(charginos and neutralinos) , is considered in detail. They constitute the complete super- 
symmetric electroweak radiative shift bV^^^^ in eq.(P) and we find that, globally, they 
could provide a source of relatively large loop contributions, in particular if the sparticles 
are not too heavy. For definiteness, our numerical analysis follows the same pattern of 
sparticle masses as defined by the so-called Models I and II in Ref.0, where we analyzed 
the full contribution to Ar"^^*^^. These models are general enough to comprehend both 
phenomenological as well as more restricted (supergravity inspired [O) models. On the 



other hand, in Part II pO[, which we present in a separate note following this one, we con- 
sider the analysis of SY^ within the framework of an improved (one- loop corrected 
MSSM Higgs sector and compare with . The result is especially significant for the 

hb channel and the associated ratio -Rf,, since its experimental value could be in discrep- 
ancy with the SM prediction 0. However, we postpone the explicit presentation of our 
analysis of the full width (§) of the Z in the Minimal Supersymmetric Standard Model 
for a separate and lengthy forthcoming publication where the gory details of the present 
calculation can be found, together with a more comprehensive exposition of the numerical 
results In the meanwhile, our notation for the SUSY formalism follows Ref.0] and 
also the early work of Ref. |27]. 

As stated, our computation of ^Ff^"^^ is carried out in the on-shell renormaliza- 
tion scheme where the fine structure constant, a = a^-Jycf' = 0), and the phys- 
°For a detailed review, see e.g. refs.|, |2|,|2|. 
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ical masses of the gauge bosons, fermions and scalars are the renormahzed parame- 
ters: {a, M]y, Mz, MffjUif, ...). We will, for brevity sake, refer to it as the a-scheme: 
{a, Mw, Mz). In practice, in order to achieve higher accuracy in the theoretical pre- 
dictions it is convenient to adopt the constrained a-scheme {a,GF, Mz) in which one 
substitutes the high precision effective parameter Gp (Fermi's constant in yu-decay) for 
by means of the constraint 

Gp Tia 1 , , 

where c = Mw jMz and = 1 — c^. In this equation, 

^^MSSM ^ ^^(^^ MH,mf, msusY, •.•) , (8) 

where msusY is a generic soft SUSY-breaking parameter which sets the characteristic 
mass scale of the various sparticles. Ar^^'^'^^ embodies the resultant finite effect from 
all possible radiative corrections, universal (U) and non-universal (NU) to /x-decay in the 
MSSM: 

For our purposes, it will also be useful to split Ar^*^"^^ as follows 
with 

<5(Ar)*^^^*^ = Ar^ + Ar^^^^, (11) 

the meaning of the terms on the RHS of eqs. (p!0D -(p!TD being fully parallel to those in 
eqs.(^-(^. The renormalized self-energy of the VT-boson at zero frequency is given by 



ST(P) 



fc2 



2 



S^(0) = S;y(0) + 5M^ + M^ 

Here Il'^'^'^'---[k'^) are the real parts of the (transverse components of the unrenormalized) 
gauge boson self-energy functions. Finally, the gauge boson mass counterterms 

= -S^(fc2 = M^) , SMl = -S^(fc2 = M|) (13) 

are enforced by the on-shell renormalization conditions. From these equations one usually 
decomposes 



Ar^ = Aa - ^ Ap + Ar,e™. , (14) 



c 



2 



S 



whose interpretation in terms of the renormalization group (RG) running of a (Aa) and 
the various statical (Ap) and dynamical (Ar^em.) contributions to the breaking of global 
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SU{2) symmetries (such as custodial symmetry |p5||) is well known in the literature p6[ . 
As for the explicit analytic expressions of the SUSY contributions to the above formulas 
we use the results of Ref.||27||, which we shall not repeat here [|. 

The one-loop partial width of the Z-boson into a fermion-antifermion pair can be 
expressed generically in the vector-axial representation, and in the G'iT'-parametrization, 
in terms of two form factors pf = 1 + 6pf and Kf = 1 + 6Kf a.s follows: 

Gf Ml 



where 



//) = Ni I Pf ^l-Apf [l - 4/.^ + (1 - 4 \Qf\ Kf)' (1 + 2pf) 



Pf 



— 1 Sat , 

-S'^(M|) af 



1 



A\Qf\s'af 



6vf 6af 



and 



1 - 



1 - 



A 



1 



1/2' 



V2GfM1 



) 



(15) 

(16) 
(17) 

(18) 



Here iV/ = 1 (for leptons), 3 (for quarks), pf = m)/Ml; Vf = {TI -2Q^ s')/2sc and 
ttf = tI /2sc are the vector and axial coefficients of the neutral current 0. The one-loop 
corrections to these coefficients are defined through the radiative shifts 



Vf—^Vf + 6vf , Qf ^ Qf + 6a 



(19) 



These shifts, together with Ar, are to be computed in the MSSM and isolated their 
departure from the total "background" contribution of the RSM (see eqs.(D and (0)). 
Similarly for the Z wave-function renormalization effects, which are represented in eq.(|l6D 
by the derivative of the corresponding renormalized self-energy : 



S'z(M|) = S'^(M|) - 



S^(fc2 



A;2 



+ 2- 



fc2=0 



s c 



S^^(O) 



s2 ^ M| 



5 Ml, . 
Ml.' 



(20) 



As for the renormalized mixed self-energy on the mass shell of the Z, it is included as 
a part of the total radiative shift of the vector coefficient as follows: 



6vf 



^ rS^^(M|) + S^^(0) 



Ml 



c ml 



^4: 

Mlv' 



(21) 



We remark that the total additional MSSM contribution from YT'^{k'') with respect to the 
RSM turns out to vanish at k'^ = 0, and so S'^^(O) may actually be dropped from eqs.(|l2|). 



^Although the (low-energy) renormalization framework of Ref . is different from the one considered 
here, the unrcnormalized expressions are the same and they have been straightforwardly adapted ( as 
in Ref. ||] ) to the counterterm structure of the minimal a-scheme of Ref. |23j without changing the sign 
convention for the self-energy functions. 
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(pop and ( plj) . The list of the Feynman diagrams and analytical MSSM contributions 



from vertices and self-energies to the form factors pf and is provided in Ref.[p^ and, as 
asserted, we shall not dwell here into their detailed structure. Expanding up to one-loop 
level the previous formulae, the general form of the SUSY correction to any given partial 
width can be written (in a notation partly inspired from Ref.[ 



5T 



SUSY, 



yiSUSY 



, TjSUSY , TjSUSY 



(22) 



where r^(G'ir) is the tree-level width in the Gi^-parametrization (defined by eq.(15) with 
Pf = Kf = 1), and 



yiSUSY 
yjSUSY 



Ar 



SUSY 



SUSY 



+ 



Vf + 



A 



Ml 



Ar 



SUSY\ 



jSUSY 



f 



sp\ 



vj + aj 
l\Qf\s 



A 



-4s'){^Ap' 



SUSY\ 



+ 



vj + a} 



(23) 



vertices 



V(7 being a universal correction, Vq^ applies only to charged fermions and Vy^ is the 
vertex correction. For the first two types of corrections, we have singled out the Ap^^^^ 
component entering the full expressions, though this does not mean that the rest of the 
contributions are comparatively negligible, in contrast to what happens in the SM case. 



As for the structure of Vv}. , it is too complicated to be discussed here in any detail |^ 



It should be emphasized that in the MSSM all potential quantum effects that entail 
a departure with respect to the RSM are subdued by the decoupling theorem. This is 
because the breaking of SUSY is independent of the breaking of the gauge symmetry. 
Therefore, in view of the current limits on sparticle masses {msusY > 0{Mz)), the 
SUSY quantum effects are generally expected to be tiny as compared to quantum effects 
from the RSM. This is indeed the case for the radiative corrections to M]^ [@) the 
reason being that, in contradistinction to the light fermions in the SM, no leading RG- 
corrections (first term on the RHS of eq.(0)) from sparticles are possible in the MSSM. 
For the Z-width, however, this feature has a lesser impact, since Aa cancels out in 
(see later on). We are thus left with oblique corrections at the next-to-leading order 
(second and third terms on the RHS of eq.(|T^), plus non-oblique contributions driven by 
significant Yukawa couplings. In both cases, the SM and SUSY effects may be of the same 
order of magnitude, if sparticles are not too heavy. Among the next-to-leading oblique 
corrections, we have the custodial symmetry breaking ones. However, custodial symmetry 
cannot be broken in the MSSM by non-decoupling SUSY effects, whether statical (Ap) 
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or dynamical (wave-function renormalization of the gauge bosons ). For large enough 
f^susYi oblique and non-obhque SUSY corrections must go to zero. We have checked 
this analytically in our calculations, and also numerically in our computer codes. For 
example, consider the SUSY mass parameters (//, M) associated to the higgsino-gaugino 
parameter space In the mass-eigenstate basis, the 2-component gaugino and higgsino 
Weyl spinors combine among themselves to form 4-component charginos and neutralinos 
("inos") and the corresponding neutral current is in general an admixture of vector and 
axial components (as is also the case for the neutral current associated to conventional 
fermions). However, for M, /i oo the SUSY neutral current becomes a pure vector- 
like current and a standard vector Ward identity insures an exact cancellation of the 
renormalized vertex functions constructed from "inos" and sfermions in that limit. In 
short: we expect to see measurable SUSY quantum effects on the Z-width only if the 
soft SUSY-breaking mass parameters are not much larger than the electroweak scale. In 
such circumstances, specific corrections (e.g. electroweak) from SUSY can be comparable 
or even larger than in the SM, as it happens to be the case e.g. for the electroweak 
corrections to the top quark width and also in the present case for the Z-width. This 
will be demonstrated below. 

We come now to explicit numerical results. The actual calculation to obtain these 
results is rather cumbersome, since we retain exact dependence on all masses and keep 
track of all matrix coupling constants for all SUSY particles in their respective mass- 



eigenstate bases |£2[- The computation of the many 3-point functions involved has been 
carried out using thoroughly tested standard techniques based on exact reduction formulae 



and subsequent expansion of the scalar functions in terms of complex Spence functions |28 



In Figs, la and lb we display contour lines of constant value of the genuine SUSY correction 
defined in eqs.(B]), (p2D 



5rf^^= [5r^^^^(z^/+r) + 5r^^^^(z^z/,p0]+ E 5t''''''{z ^ qq) 

l=e,fi,T q=u,d,c,s,b 

(24) 

in a standard window of the higgsino-gaugino (/i, M)-space for Models I and II, respec- 
tively. In both models, the pattern of sfermion masses is generated from the generic 
formula |jl| 

"^L.. = ^/ + ± 2/? (Tl^ - Qj s') Ml , (25) 

where the same soft SUSY-breaking parameter M| is shared by the two members of 
any SU{2)l doublet. However, while in Model I the R-type sfermions are assumed to 
be degenerate in mass with the L-type ones, this is not so in in Model II where one 
further specifies the structure of the soft SUSY-breaking mass parameters in the standard 
manner suggested by radiative symmetry-breaking models (such as supergravity inspired 
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models [ffl]), namely: M? = ml + C(/l^r)M^, where tjiq is a universal soft SUSY- 

jL,Ii 



breaking scalar mass at the GUT scale and C{fLji) are certain RG-driven coefficients P9 
Altogether these models cover a sufficiently wide range of phenomenologically allowed 
masses for sneutrinos (z/;), charged sleptons and squarks {l^,qa{a = 1,2)), charginos 
{^f ,i = 1,2) and neutralinos (\E'° , a = 1, 4), whose present lower limits are 



mi± > 45 GeV , m^, > 42 GeV , m^^ > 130 GeV , (26) 

M^± > 47 GeV , Mvi,o > 20 GeV . (27) 

It should be pointed out that the squark mass limits from Tevatron are not fully model 
independent and in particular they depend on assumptions on the gluino masses and 
on canonical SUSY decay modes. As a consequence, a stop squark ii could still be rather 
light (< Mz/2), a feature that can be easily accomodated in model building through 
a large mixing term mtMiR (proportional to the top quark mass rrit) in the stop mass 
matrix. In spite of the fact that we have not included this term for the third squark family 
in eq.(^), we shall amply exploit this possibility in Part II. Here we prefer to present 
more conservative results by keeping all squark generations alike, i.e. without mixing. As 
in Ref. [Q, we have furthermore imposed on our numerical analysis the condition 

|Ap|^^^^ < 0.005. (28) 

In Fig.l we have fixed the sfermion spectrum (|25|) with tan/5 = 8, = 50 GeV and 
rriu = rric = mi = 130 GeV, i.e. a spectrum perfectly consistently with the bounds 
(^). In particular, our conservative choice for implies, via eq.(^) with mj = m^, 
rather heavy (~ 200 GeV) partners of the top quark. It becomes patent from Fig. la that 
genuine SUSY contributions of order dT^^^"^ > +10MeV^ can comfortably be achieved 
in Model I, for a wide range of chargino masses. The fact that light charginos, i.e. 
charginos corresponding to points (M , fi) near the boundary of the phenomenologically 
allowed region in Fig. la, are responsible for a minimum SUSY correction to the Z- width 
is related to the large (oblique) negative contributions from the "ino" sector near that 
boundary. (We shall take advantage of this feature in Part II in connection to the analysis 
of Rb in the MSSM). However, in the middle region (M ~ > 100 - 150 GeV), the latter 
contributions are positive (though smaller in absolute value) and add up to the oblique 
sfermion contributions plus the non-oblique (vertex) corrections, which are also globally 
positive in this case, and consequently ^Ff'^'^^ increases up to a maximum ^ +13 Me^. 
Of course, away from the local maximum, the total SUSY contribution diminishes for 
larger and larger values of (/x, M), but it does not go to zero; instead, 6Tf^^^ tends 
asymptotically to the constant positive effect from the sfermion self-energies, which have 
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fixed values for tfieir masses, and it would only decouple upon simultaneous increase of 
the latters. It is worthwhile to note that sufficiently away from the neighbourhood of 
the boundary (specifically, for M, > 150 GeV) the SUSY quantum effects described in 
Fig. la originate from an average SUSY spectrum which is beyond the capability of pair 
production at LEP 200. Indeed, given the values of the sfermion masses fixed above, in 
this region we have 

m,-± > 94 GeV , rrig^ > 130 GeV , M^± > 94 GeV , M^g > 55 GeV . (29) 

Remarkably enough, it turns out that even in this LEP 200 unaccessible region, the 
quantum correction ST^^^"^ may well reach the level of the total error (theoretical plus 
experimental, added in quadrature) in eqs.(|],H-||) and it therefore leaves open the pos- 
sibility to potentially detect these extra effects in the future. It follows that in most 
of the window of Fig. la, the average electroweak SUSY correction to the Z-width is 
numerically larger, but opposite in sign, as compared to the (negative) electroweak SM 
correction ^p^™)^^ = F^™''^^ — r^(GF) with respect to the SM tree-level width in the Gp- 
parametrization. We have checked this explicitly using the upgraded version of the com- 
puter code BHM [|T1, with the inputs: Mz from eq.(g), mt = 174 GeV, Mh = 100 GeV [] 



and then projecting the electroweak part, with the result ^p^™)^^ = —9.5MeV. There- 
fore, if the physical width of the Z turns out to be the one predicted by the MSSM, eq.(^, 
the total electroweak correction with respect to the tree- level width F^(Gi7) in the SM 
(now the RSM) will be (neglecting for the moment the extra Higgs correction) 



This will hold true for a SUSY spectrum satisfying eg . (^91) . For demonstration purposes 

we have tolerated an overall SUSY correction slightly exceeding the total theoretical plus 

experimental error from eqs.(0J^-§), just to exhibite the potentiality of the supersymmetric 

virtual effects from a sparticle spectrum amply complying with the present phenomeno- 

logical bounds. For heavier and heavier sparticles, the correction decreases and can be 

made numerically very close to the electroweak correction, but opposite in sign. The 

resulting cancellation could effectively render invisible the total electroweak correction 

in the MSSM, even assuming a substantial improvement of the theoretical errors. We 

conclude that the effect might perhaps be discovered either by "missing" the expected 

electroweak correction in the SM, or even finding that it goes in the opposite direction. 

Of course, as we have advertised, this conclusion would only apply if the negative Higgs 

effects in the MSSM {ST^ in eq.(|^)) are kept very small (in absolute value) with respect 

^Since we are assimilating the SM to the RSM, the hghtest neutral Higgs mass must be less than 
about 130GeV^il. 
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to 5rf^'^^, or if we confine our study into a region where the additional Higgs effects 
from the MSSM are always positive. Indeed, as shown in Part II, we are naturally led 
to a particular scenario like this when trying to cope with the crisis" in the MSSM. 
Notwithstanding, it should be mentioned that global negative corrections 6r^^^^^^ are 
still possible by picking contrived values for the parameters. 

The corresponding contour lines for Model II are shown in Fig. lb. In this case the 
sfermion masses are controlled by the single parameter rriQ. Since a minimum value 
common for squarks and sleptons must be found out for this parameter (mo ~ 60 GeV) 
in order to simultaneously fulfil all the phenomenological bounds (|2^) , (^) , the average 
sfermion spectrum in Model II turns out to be far more heavier than in Model I. For 
example, in the middle region of Fig.lb (M, > 150 GeV) the sfermion spectrum in 
Model II satisfies 

mj± , m^, > 100 GeV , > 400 GeV . (31) 

Therefore, the corrections are generally smaller (about a factor of 2 — 3) than in Model I, 
though still not fully negligible: around the maximum, ^Ff^"^^ ~ +6 MeV, i.e. numeri- 
cally close to the SM electroweak correction f^, |3l[], and reversed in sign. Notice that there 
are no threshold effects neither in Model I nor in Model II associated to the wave func- 
tion renormalization of the Z gauge boson, eq.(^). In fact, while sfermion and chargino 
masses are always assumed to be heavier than half the Z-mass, the neutralino masses 
may continuously approach points of (/i, M)-space where M° + = Mz- However, 
the corresponding singularity in ^^(Ml) cancels out identically and no threshold effect 
remains. 

For any channel Z ff, ^fj^g^ from eq. (|23D give the leading contribution, which 
is numerically very close for the two = ±1/2 components in each fermion doublet. 
Therefore, the vertex correction, Vyjj^'^^, which is negative for the up components and 
positive for the down components, gives the bulk of the difference between the corrections 
to the Z partial widths into = +1/2 fermions and = —1/2 fermions (cf. Figs. 2-5). 
It is worth mentioning that although '^fj^q^ are leading, there are strong cancellations 
between the two terms in these formulas; for example, as seen on the first eq.(^), the Aa 
contribution from eq.(0) exactly cancels in the difference V^'^'^^, leaving Ap^^^"^ as one 
of the leading remainders. On the other hand, the vertex correction is specially significant 
for the bb channel, where the Yukawa couplings can be substantially large. Nevertheless, 
in contrast to the SM, where there is an overcompensation of the (positive) propagator 
correction by the (negative) vertex correction P] , it turns out that the extra non-oblique 
SUSY contribution is of the same order of magnitude and has the same (positive) sign 
as the extra oblique contribution from Ap''^^^'^ . As a consequence, the two effects turn 
out to add up and might give rise to a measurable correction. We show this explicitly in 
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Figs.2a-2d, where we fix (/i, M) = (—100, 100) GeV and plot the dependence of the partial 
width corrections, (5rf^'^^(Z ff), on the squark and slepton masses in Model I. Upon 
inspection of these figures we gather three noticeable facts: i) the SUSY corrections to the 
partial widths are about 4 — 8 times larger for quarks than for leptons, ii) the corrections 
to the partial widths into = —1/2 fermions are larger than the corrections to the 
partial widths into = +1/2 fermions, the bb channel being the most favoured one, 
and iii) there is a moderate decrease of the corrections for heavier and heavier sfermions 
masses; e.g. in Fig. 2a, ST^^^'^lZ —>■ bb) roughly decreases from AMeV to 2.7 MeV when 
rriu increases from 100 GeV to 200 GeV. The decrease is even slower in Fig. 2c, where 
the partial widths into quarks are confronted with increasing slepton masses, which enter 
through oblique corrections the weak gauge boson propagators. Similar considerations 
apply, respectively, to Figs. 2b and 2d. The corresponding plots for Model II are shown 
in Figs.3a-3b. In this case the relevant parameter is the universal soft SUSY-breaking 
sfermion mass rriQ. Notice that some of the corrections may be slightly negative, as is the 
case for the neutrino channels uiUi in Fig. 3b. 

In Figs.4a-4b, we study the evolution of the radiative corrections on the parameter 
tan f3, only for Model I, where the effects are bigger. The partial widths into leptons and 
quarks are separately considered. There we see why we have chosen tan/5 = 8 in Fig.l; 
it corresponds to a an approximate saturation value for the leading [qq) contributions in 
the range tan (3 < 50. For the leptons, however, especially for the t~^t~ and Ut-Ut channels, 
there is still an ongoing evolution beyond tan /3 > 8, though the relative impact on ^Ff^"^^ 
is minor. Remember that tan /3 enters the mass matrices for chargino-neutralinos and also 
determines potentially relevant fermion-sfermion-chargino/neutralino Yukawa couplings 
in the vertex corrections Vy^'^^ on eq.(^). The most significant ones are 

, gm gmb 

iT-t = —F^ , lib = —p^ , 32) 

V2MwsmP y2MvF cos/3 

which contribute to the SUSY effects on the Zbb vertex, and 

grrir 



V2Mw cos/3 



(33) 



which goes into the structure of the Zt^t^ and Zv^-Vt vertices. The Yukawa coupling 
associated to the charm quark, /ic, is not sizeable enough since mdMy^ is too small and 
he does not increase with tan /3. That is why the contributions to the partial widths into 
the modes uu and cc are practically indistinguishable in our figures. Obviously, another 
point where to focus our attention is on the dependence of bV^^^^ on the top quark mass 
(Figs.5a-5b). Since this parameter is involved in the sbottom-stop mass differences, all 
partial widths are universally affected (through propagator corrections) by the precise 
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value of rrit, and 6r^'-'^'^{Z bb) is additionally affected by important vertex corrections 
associated to an enhancement of hf for increasing m^. Indeed, the slope of the bb curve 
can be seen from Fig. 5a to be more pronounced than for the other channels. As a matter 
of fact, of the three Yukawa couplings (|3^ ) -(|33| ) , the most significant one is ht. It basically 
determines the important non-oblique SUSY corrections responsible for the gap between 
the bb channel with respect to the the ss and dd modes in Figs. 2-5. For large enough tan (3, 
the corrections to the bb channel are further enhanced by an increasing (with = 
5GeV), as can be appreciated in Fig. 4a. To be more specific, there is a balance between 
chargino and neutralino contributions in the vertex corrections; namely, the chargino 
vertex corrections diminish with tan f3 whereas the neutralino vertex corrections increase 
with it. Only for large enough tan j3 the neutralino effects are overwhelming; for example, 
for tan f3 > 70 (where we are bordering the limits of validity of perturbation theory) and 
keeping the same values for the rest of the parameters, 6r^'-'^'^{Z ^ 66) > 4 MeV. On the 
other hand, even though we wish not to emphasize the region of tan /5 < 1, it is worthwhile 
to note that, there, ht grows so fast that one could easily obtain similar staggering effects 
as before, viz. 6T^^^^{Z bb) > 4 MeV for tan/5 < 0.7 0. In this region, which we 
have not highlighted in Fig. 4, there is in fact an unbounded, positive, contribution at 
the left edge of the curves. Nevertheless we shall see in Part II that this contribution is 
compensated by an overwhelming negative effect from ST^. We remark that the point 
tan (3 = 1 is the site of the absolute minimum for each of the partial widths, since at 
this point the sfermion generations have minimal mass splittings (cf.eq.(^5D) and hence 
^pSUSY i^g^j^gg j^g smallest value. 

In conclusion, there could be significant, genuinely supersymmetric, electroweak renor- 
malization effects on the Z-width in the MSSM. We have explored a sufficiently wide 
domain of the SUSY parameter space in support of this fact. In particular, we have con- 
centrated our numerical analysis on regions corresponding to rather conservative values 
for all sparticle masses; thus, although it is not strictly required by the phenomenolo- 
gical bounds, we have assumed masses of (9(100) GeV for the superpartners of the top 
quark, and in general we have put more emphasis on the results obtained for a full SUSY 
spectrum above the possibilities of pair production at LEP 200. Even with these hypothe- 
ses, the size of the ensuing SUSY corrections could easily reach the level of the present 
theoretical errors. For the recent CDF values of the top quark mass, we have found nat- 
ural windows of parameter space where there could be a large cancellation, or even an 
overcompensation, of the expected electroweak SM corrections by the electroweak super- 
symmetric quantum effects. Upon relaxing the previous hypotheses on sparticle masses 

^Scenarios with tan/3 < 1 are generally disfavoured but still some reduced interval 0.7 ^ tan/3 < 1 
is in dispute. 
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to the strict limit placed by the present LEP 100 bounds, more freedom is obtained to 
test the potentiahty of the SUSY corrections in Z-decay physics. This point will be re- 
taken and fully exploited in Part II. We hope that in the future a better determination 
of rrit, as and the parameters of the Higgs sector, will allow to uncover the electroweak 
quantum effects on Tz- Missing of these effects, or finding them opposite in sign to SM 
expectations, could be interpreted as indirect evidence of SUSY. 
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Figure Captions 

• Fig.l (a) Contour plots in the higgsino-gaugino (/i, M)-parameter space for the 
total SUSY correction in Model I. The sfermion spectrum is obtained from 
eq. (|25|) with tan/3 = 8, ^my^ = 50GeV and rriu = rric = = 130 GeV. The top 
quark mass is fixed at rrit = 174 GeV. The blank regions are phenomenologically 
excluded by the constraints M^± > 47GeV^, M^o > 20 GeV; (b) As in case (a), but 
for Model II and fixed mo = 63 GeV. 

• Fig. 2 SUSY corrections to the various partial widths r{Z ^ ff) in Model I as 
a function of the squark masses (cases (a) and (b)) and slepton masses (cases (c) 
and (d)). We have taken (//, M) = (— 100, 100) Gel^ and the other non-varying 
parameters as in Fig. la. 

• Fig. 3 As in Fig. 2, but for Model II as a function of mo. 

• Fig. 4 Dependence of ST^^^'^lZ ff) on tan/5 for Z decaying into (a) quark- 
antiquark, and (b) lepton-antilepton in Model I. The remaining fixed parameters 
are chosen as in Fig. la and Fig. 2. 

• Fig. 5 Dependence of ST^^'^'^^Z ff) on m^ within the CDF mass limits, for Z 
decaying into (a) quark- ant iquark, and (b) lepton-antilepton in Model I. Remaining 
parameters as in Fig. la and Fig. 2. 
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